Insulin receptors on hepatocytes
Recently Gambhir et al. (1978) have demonstrated that circulatin erythrocytes, which are not target cells for insulin action, have specific insulin receptors. If erythrocyte insulin receptors behave similarly to those on insulin target cells under various conditions, they may provide a convenient tool for evaluatin the insulin receptor state in human subjects as well as experimental animals. The present experiments were therefore designed to study the relationship between insulin receptors on erythrocytes and insulin responsive cells. A previous study has shown that circulating insulin concentrations inversely regulate insulin receptors on insulin responsive cells (Soman and DeFronzo, 1980) . Thus a hyperinsulinemic state decreases while hypoinsulinemic state increases insulin receptor concentrations.
In this study we measured insulin receptors on both hepatocytes and erythrocytes simultaneously in streptozotocin diabetic rats to see if they change in a parallel way.
Materials and Methods

Animals
Male microfuge tubes were then centrifuged for 150 seconds in a Beckman Microfuge and radioactivity in the cell pellets was determined. Nonspecific binding was approximately 1% of the total radioactivity. Degradation of 125I-insulin was less than 5%. The receptor number and the "empty site" affinity constant (Ke) were calculated from Scatchard plots by the method of DeMeyts (DeMeyts et al., 1975) .
Blood glucose was measured with an Autoanalyzer. The serum immunoreactive insulin concentration was determined by the polyethylene glycol method (Desbuquois and Aurbach, 1971) Table 2 . pared to those in controls ( Table 2 ). The insulin binding to erythrocytes was higher in the 8-week-streptozotocin rats than controls (Fig. 4-a) . However, the difference was again not significant at each concentration of insulin.
Scatchard analysis revealed a tendency to increased receptor concentration (14 v.s. 8 per cell) in the streptozotocin rat erythrocytes (Fig. 4-b) ( Table 2) . Unlike the hepatocytes, the binding affinity was similar in the streptozotocin and control rat erythrocytes (Table  2) .
Insulin binding to hepatocytes and erythrocytes at the tracer concentration of insulin was plotted against plasma insulin levels in each rat. An inverse correlation was found between the binding to hepatocytes and the insulin concentration in the portal vein (Fig. 5-a) . In contrast, there was no significant correlation between the binding to erythrocytes and the peripheral insulin concentration (Fig. 5-b) . ceptor status in human subjects (Robinson et al., 1979) . And in order to validate employing erythrocytes, several studies (Wachslicht-Rodbard et al., 1979; Depirro et al., 1980; Insel et al., 1980; Pederson et al., 1980) have compared the erythrocyte binding data with those of monocytes in the same individuals since the latter has been shown to reflect receptor activity in insulin responsive cells (Bar et al., 1976) . Wachslicht-Rodbard et al. (1979) found an increased number of receptors on both circulating erythrocytes and monocytes form patients with anorexia nervosa. Changes in the affinity of the receptors were the fusion of glucose and insulin (Insel et al., 1980) as well as exercise (Pederson et al., 1980) . Furthermore, we found an inverse correlation between insulin binding to centration in maturity onset types diabetes mellitus (Okamoto et al., 1981) These results therefore seem to indicate that circulating erythrocytes provide a useful tool for studying insulin receptor activity. However, it should be noted that there are also some reports which demonstrate discrepancies between the binding data obtained with erythrocytes and monocytes DePirro et al., 1980) . found that insulin binding to both erythrocytes and monocytes from poorly controlled insulin-dependent diabetic patients was normal or elevated, while improved control decreased insulin binding in monocytes but not in erythrocytes.
Our present data were obtained with rat erythrocyte and there may be some difference in the regulation in erythrocytes receptors between rat and human.
Much more important, however, are the unique features of erythrocytes. For example, unlike insulin receptors on monocytes as well as other type of cells, erythrocyte insulin receptors are age dependent (Thomopoulos et al., 1978 ; Eng et al., 1980) . Erythrocytes lose their receptors as they age. In addition, it has been suggested that regulation of erythrocyte insulin receptor concentrations takes place only when the cells are at a premature stage . These unique features of erythrocyte insulin receptors probably explain the discrepancies in the receptors on rat hepatocytes and erythrocytes in the present study, and may limit to some extent the usefulness of erythrocytes in evaluating the status of the receptors on insulin target cells.
